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STATUS REPORT FIRST QUARTER FISCAL YEAR 1969 
U. S .  Bureau of Mines NASA Program of Mult idiscipl inary Research 
Leading t o  Ut i l i za t ion  of E x t r a t e r r e s t r i a l  Resources 
Task t i t l e  : 
Invest igator  : 
Location: 
Date begun: 
Personnel: 
The object ive 
October 1, 1968 
Background ana lys i s  and coordination 
Thomas C. Atchison, Program Manager 
Twin C i t i e s  Mining Research Center 
Minneapolis, Minnesota 
A p r i l  1965 To be completed: Continuing 
Thomas C. Atchison, Supervisory Research Physicis t  
Other Bureau personnel, as  assigned 
* 
PROGRESS REPORT 
Ob ,j ec t ive 
of the program i s  to  help provide basic  s c i e n t i f i c  and 
engineering knowledge needed t o  use e x t r a t e r r e s t r i a l  mineral resources 
i n  support of fu ture  space missions. Under t h i s  task,  background and 
supporting s tudies  and coordinating and l i a i s o n  a c t i v i t i e s  f s r  the 
program a re  car r ied  out. 
Progress During the F i r s t  Quarter 
Background and supporting s tudies  included i n  t h i s  task were formerly 
reported under three tasks  covering core group a c t i v i t i e s ,  s e l ec t ion  
and co l l ec t ion  of simulated lunar mater ia ls ,  and physical propert ies  
of simulated lunar mater ia ls  i n  e a r t h  environment. Actual property 
measurement work is  being reported under the most c lose ly  r e l a t ed  re- 
search task.  
A summary of the evaluations made by the NASA panel t h a t  reviewed the 
Bureau's program l a s t  May was received from NASA Headquarters i n  Au- 
gust .  The summary complimented the Bureau researchers on an exce l len t  
presentat ion of t h e i r  work. It a l so  contained some he lpfu l  suggestions. 
In  general the panel recommended emphasis on the more bas ic  s tud ies  of 
rock propert ies  and behavior i n  simulated lunar environment. A propos- 
a l  fo r  continuing the Bureau's program in to  f i s c a l  year 1970 and 1971, 
a f t e r  completion of the cur ren t  research tasks ,  w a s  prepared and submit- 
t ed  t o  NASA i n  July.  
Plans w e r e  made to replenish the supply of our 14 simulated lunar rocks 
being used i n  the Bureau's program and by other  groups doing r e l a t ed  re- 
search. D. E.  Fogelson and B. L. Vickers, with the cooperation of the 
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Bureau's Spokane Mining Research Laboratory and Albany Metallurgy Re- 
search Center, plan a t r i p  through Oregon and Cal i forn ia  beginning 
September 30 t o  c o l l e c t  severa l  tons of needed rocks. 
Word was received from D r .  Jane de Wys of the  J e t  Propulsion Labora- 
tory,  Pasadena, Ca l i f . ,  on progress i n  the Surveyor simulation stud- 
ies on the 14 simulated lunar rocks. Simulated footpad magnet exper- 
iments have been completed on f i n e  par t ic le  samples of the  14 rocks, 
and the gabbro, flow b a s a l t ,  and ves icu lar  b a s a l t  #l most c lose ly  
dupl ica te  the  Surveyor V,  V I ,  and V I 1  lunar landing r e s u l t s .  
S t a tus  of Manuscripts 
Proposal f o r  Continuing Bureau E x t r a t e r r e s t r i a l  Resource U t i l i z a t i o n  
Program, by T. C.  Atchison, was submitted t o  NASA i n  July.  
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STATUS REPORT FIRST QUARTER FISCAL YEAR 1969 
Bureau of Mines NASA Program of Multidisciplinary Research 
Task title: Chemical reactivity of freshly formed surfaces 
Investigator: Clifford W. Schultz, Project Leader 
Location: 
Date begun: April 1966 To be completed: June 1969 
Twin Cities Mining Research Center 
Minneapolis, Minnesota 
Personnel: Clifford W. Schultz, Metallurgist 
William H. Engelmann, Research Chemist 
PROGRESS REPORT 
Objective 
The objective of this task is to define the equilibrium state of min- 
eral surfaces with respect to adsorbed gases. Further, it is intended 
that existing adsorption isotherms be clarified in the low pressure end 
of the scale. 
Progress During the First Quarter 
This project has been recessed during the first quarter. 
for the first and second quarters is now planned for accomplishment dur- 
ing the second quarter. 
Work planned 
Clifford W. Schultz, the original investigator for this and the follow- 
ing task, has been assigned t o  full-time research duties and will be 
completing requirements for his doctorls degree. William H. Engelmann 
has assumed supervision of the chemical fragmentation and surface prop- 
erty research at the Center. Mr. Schultz will continue as leading in- 
vestigator for this task. 
Status of Manuscripts 
None scheduled until the fourth quarter. 
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STATUS REPORT FIRST QUARTER FISCAL YEAR 1969 
Bureau of Mines NASA Program of Mult idiscipl inary Research 
Task t i t l e :  Surface proper t ies  of rock i n  lunar environment 
Inves t iga tor :  Wallace W. Roepke, Project  Leader 
Locat ion : 
Date begun: Apri l  1966 To be completed: Ju ly  1969 
Twin  Cities Mining Research Center 
Minneapolis Minnesota 
Personnel: William H. Engelmann, Research Chemist 
Wallace W, Roepke, Pr inc ipa l  Vacuum S p e c i a l i s t  
Kenneth G.  Pung, Physical Science Technician 
PROGRESS REPORT 
Object ive 
The goal of t h i s  task is  t o  measure the surface properr ies  of rocks and 
rock-forming minerals i n  a simulated lunar environment. Because f r i c -  
t i o n  i s  an important f ea tu re  of many mining operat ions,  the immediate 
object ive i s  t o  measure the coe f f i c i en t s  of f r i c t i o n  of severa l  mineral 
and mineral-metal ( tungsten carbide) pairs i n  u l t rah igh  vacuum. 
Progress During the F i r s t  Quarter 
Three pr imary sensors f o r  the f r i c t i o n  t e s t  apparatus have been designed 
which w i l l  give improved s e n s i t i v i t y .  Two have been fabr ica ted  and a r e  
being ca l ib ra t ed .  The output o f ’ t h e  heavy load bridge i s  38 glmv. The 
medium load br idge has not yet  been f u l l y  ca l ibra ted  and the  l i g h t  load 
br idge i s  s t i l l  being assembled. 
The f r i c t i o n  tes t  apparatus,  minus t h e  dr iving mechanism on the ro t a ry  
feed-throughs, has been placed i n  the u l t r ah igh  vacuum chamber t o  obtain 
preliminary pumpdown data .  The baked system responded w i t h  the  same 
speed t o  system pumpdown a s  the normal empty chamber and the ul t imate  
pressure w a s  the same. Some minor modifications on the dr iv ing  mechanism 
f o r  the f r i c t i o n  test  apparatus have required addi t iona l  work i n  the ma- 
chine shop. These involve coupling adaptors which allow the apparatus t o  
be reposit ioned i n  the chamber. This w i l l  permit use of a possible l a se r  
cleaning technique without complicated in t e rna l  op t i c s  t o  pos i t ion  the 
beam. 
A Coherent Radiation Laboratories l a s e r  which has been purchased by the 
Bureau is being evaluated f o r  use a s  a primary cleaning technique f o r  
the u l t r ah igh  vacuum f r i c t i o n  work. I n i t i a l  s tud ies  f o r  generating clean 
surfaces  in  u l t r ah igh  vacuum have been s t a r t e d .  The var iab le  parameters 
a re  pulse durat ion,  pulse cur ren t ,  and beam diameter (focused o r  unfo- 
cused). Incident  l i g h t  and polarized l i g h t  microscopy of surfaces  p r i o r  
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t o  i r r a d i a t i o n  has been i n i t i a t e d .  Photographic records of these sur-  
faces  a re  being made before and a f t e r  the l a s e r  bombardment. Front 
surface temperature i s  being measured i n i t i a l l y  by op t i ca l  pyrometry 
while heat  t r ans fe r  through the sample i s  measured a t  the back surface 
with s m a l l  thermocouples. 
Cholester ic  l iqu id  c rys ta l s  a re  a l s o  being used f o r  back surface t e m -  
perature  measurement. Liquid c r y s t a l s  show changes i n  color  f o r  s m a l l  
changes i n  temperature. This nondestructive measurement method has 
several  advantages over thermocouples. Chief among these i s  the  f a c t  
t h a t  the l iqu id  c r y s t a l  material  is brushed onto the  surface,  provid- 
ing int imate  contac t .  Avoiding hea t  losses  from thermocouple leads 
and va r i a t ions  caused by uneven contact  area are fu r the r  advantages. 
The response is  f a s t  and r eve r s ib l e  so  the  sample may be cycled an 
i n f i n i t e  number of t i m e s .  
Infrared windows f o r  the  u l t r ah igh  vacuum system a r e  i n  the design 
s tage.  These w i l l  probably be of I r t r a n  4 (Kodak t rade  name) mounted 
i n  Pyrex t o  allow v isua l  and inf ra red  use simultaneously. Preliminary 
t e s t i n g  has begun t o  ve r i fy  the design. 
Assistance was given t o  the  lunar d r i l l i n g  t a sk  i n  planning f o r  d r i l l -  
ing experiments i n  u l t r ah igh  vacuum and t o  the  rock f a i l u r e  task i n  
evaluat ing scanning e l ec t ron  microscope equipment. 
M r .  Roepke has taken over from M r .  Schultz the r o l e  of leading inves- 
t i g a t o r  f o r  t h i s  task.  
S t a t u  s of Manus c r i p  t s 
Inexpensive O i l  Vapor Trap f o r  U s e  with Rotary Vacuum Pumps, by W, W .  
Roepke and K .  G .  Pung, w a s  published i n  the  In t e rna t iona l  Journal of 
Vacuum i n  August. 
Mass Spectrometer Studies  of Outgassing from Simulated Lunar Materi- 
a l s  i n  Ultrahigh Vacuum, by W .  W .  Roepke and C .  W. Schulr-z, i s  being 
prepared f o r  publ ica t ion  i n  the Journal of the  American Vacuum Soci- 
e t y .  
Vacuum Technology Course, an in t e rna l  repor t  by W .  W .  Roepke, i s  in  
preparat ion.  
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STATUS REPORT FIRST QUARTER FISCAL YEAR 1969 
Bureau of Mines NASA Program of Mult idiscipl inary Research 
Task t i t l e :  Rock f a i l u r e  processes and s t rength and e l a s t i c  
proper t ies  i n  lunar environment 
Invest igator :  Egons R. Podnieks, Project  Leader 
Locat ion: Twin Cities Mining Research Center 
Minneapolis, Minnesota 
Date begun: June 1966 To be completed: June 1969 
Per s onne 1 : Egons R. Podnieks, Mechanical Research Engineer 
Robert J. Willard, Geologist 
Richard E .  Thi11, Geophysicist 
Peter G, Chamberlain, Geophysicist 
Rol l ie  C .  Rosenquist, Engineering Technician 
PROGRESS REPORT 
Ob 1 ec t ive 
The object ive of t h i s  pro jec t  i s  t o  study the e f f e c t  of u l t rah igh  vac- 
uum on rock deformation and f a i l u r e  processes a t  the macrostructural  
and the microstructural  l eve l  and t o  measure rock s t rength and e l a s t i c  
propert ies  i n  u l t rah igh  vacuum environment. 
Progress During the F i r s t  Quarter 
A r ecen t ly  received alphatron gage i s  being incorporated i n  the u l t r a -  
high vacuum system t o  continuously record vacuum over a wide range of 
pressure uarqations.  The gage w i l l  permit vacuum t o  be recorded even 
during heavy outgassing of the rock core. 
increasing load and i s  espec ia l ly  prominent near f a i l u r e .  
The outgassing occurs under 
Additional pumpdown curves have been obtained to  determine the e f f e c t  
of preconditioning on pumpdown cha rac t e r i s t i c s  and base pressure. 
A newly developed technique fo r  simultaneously measuring shear and lon- 
g i tud ina l  pulse t r a n s i t  t i m e s  i n  rock w i l l  be used t o  obtain concurrent 
measurements of dynamic and s t a t i c  mechanical proper t ies  of rock under- 
going deformation i n  the vacuum chamber. 
R. J. Willard conducted t ransgranular- intergranular  (T/I)  and defect  
frequency o r i en ta t ion  (DFO) analyses on dac i t e  disks  previously point  
loaded t o  f a i l u r e  vnder a medium vacuum. Results of the T / I  ana lys i s  
indicate  t h a t  i n  the  vacuum environment f r ac tu res  tend t o  t raverse  
ppres r a the r  than the  glassy matrix, presumably because moisture re- 
moval strengthens the  matrix. 
r i c  anisotropy which appeared t o  influence f r ac tu re  d i r ec t ion  i n  dac i t e ,  
The DFO analys is  revealed a marked fab- 
6 
Status of Manuscripts 
Environmental Effects on Rock Properties, by E. R. Podnieks, P. G. 
Chamberlain, and R. E. Thill, has been submitted for publication in 
the Proceedings of the Tenth Symposium on Rock Mechanics. 
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STATUS REPORT FIRST QUARTER FISCAL YEAR 1969 
Bureau of Mines NASA Program of Multidisciplinary Research 
Task title: Feasibility of thermal fragmentation studies in vacuum 
Investigator: Kuppusamy Thirumalai, Project Leader 
Locat ion: Twin Cities Mining Research Center 
Minneapolis, Minnesota 
Date begun: October 1966 To be completed: June 1969 
Personnel: Joseph M. Pugliese, Geophysicist 
Kuppusamy Thirumalai, Mining Engineer 
Russell E, Griff in, Electronic Research Engineer 
Sam Go Demou, Physicist 
PROGRESS REPORT 
Objective 
The objective of this task is to investigate the feasibility of ex- 
tending thermal fragmentation studies to lunar vacuum environment * 
Progress During the First Quarter 
Experiments were continued to determine the thermal softening limits 
in granodiorite and to confirm the difference in thermal softening 
limits between nitrogen atmosphere and vacuum conditions observed 
previously. 
Eight l/Z-inch diameter granodiorite cores 5 inches long were drilled 
with a known orientation out of the same block. The samples were 
held on zirconium supports with a centrally distributed load of 53 
grams suspended by a l/Z-inch molybdenum ribbon around the middle of 
the specimen. Shock furnace heating was programmed at 5OC/min and 
similar experimental conditions were maintained for nitrogen atmos- 
phere and vacuum conditions. 
Table 1 shows the failure temperatures in nitrogen atmosphere and vac- 
uum environment. The results indicate a general tendency toward high- 
er thermal softening limits in the vacuum environment. Figure 1 shows 
the deformation at the middle of the specimen during the experiment. 
The initial positive deformation is attributed to the volume change at 
increased temperatures. The failure in nitrogen atmosphere appears 
more gradual than in the vacuum environment. The granodiorite experi- 
mental results indicate the probable spalling action for an incident 
heat flux in vacuum environment is at least as favorable as in atmos- 
phere. Differential thermal analysis for the granodiorite will be 
carried out during the second quarter to ascertain the reactions at 
different levels of temperature up to the thermal softening limits. 
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TABLE 1. - Thermal sof tening of granodior i te  
Sample Environment 
Vacuum 
Nitrogen 
- 
Pressure 
10’~ t o r r  
10 
6 
9 
6 
& 
20 
20 
20 
20 
Temperature 
OC 
1175 
1120 
1160 
1150 
1105 
1135 
1135 
1105 
Incident  heat  energy by laser i r r a d i a t i o n  provides a convenient form 
of thermal energy f o r  experiments under vacuum condi t ions.  Invest iga-  
t i ons  of t he  e f f e c t  of thermal fragmentation by laser i r r a d i a t i o n  of 
simulated lunar rocks a t  atmospheric conditions have been i n i t i a t e d  
during t h i s  quar te r  with a view t o  extending the  t e s t s  l a t e r  t o  vacuum 
environment. Preliminary r e s u l t s  of l a se r  i r r a d i a t i o n  on t h o l e i i t i c  
b a s a l t ,  ves icu lar  b a s a l t ,  dac i t e ,  obsidian,  and pumice were obtained 
a t  energy leve ls  of 50, 100, and 100,000 watts/cm2 i n  cooperation with 
Gulf General Atomic Laboratories.  The rock samples w e r e  i r r ad ia t ed  
with a focused as wel l  as p a r t i a l l y  focused continuous COS l a s e r  beam. 
Fragmentation appeared most prominent a t  energy l eve l s  of 100 watts/cm2 
f o r  a l l  the  rocks tes ted .  
A systematic study of rock damage by l a se r  i r r a d i a t i o n  in  Dresser ba- 
s a l t ,  dac i t e ,  and obsidian has begun a t  our labora tor ies  with a newly 
acquired 100-watt CO, l a se r .  Samples w e r e  exposed t o  continuous ir- 
r ad ia t ion  f o r  10- and 30-second periods and a l s o  manually pulsed with 
pulses  of 1-second durat ion with a constant Fncident energy of 55 
watts/cm2. A s ign i f i can t  increase i n  damage with pulsed mode w a s  ob- 
served i n  obsidian.  A de t a i l ed  study of the e f f e c t  of energy l eve l ,  
pulse durat ion,  and pulse shape i n  these rocks w i l l  be conducted dur- 
ing the  second quar te r .  
S ta tus  of Manuscripts 
None scheduled u n t i l  four th  quarter .  
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STATUS REPORT FIRST QUARTER FISCAL YEAR 1969 
Bureau of Mines NASA Program of Mult idiscipl inary Research 
Task t i t l e :  
Invest igator :  David P. Lindroth, Project  Leader 
Locat ion: 
Date begun: October 1966 To be completed: June 1969 
Thermophysical p roper t ies  of rock over lunar 
temperature range :i 
Twin C i t i e s  Mining Research Center 
Minneapolis, Minnesota 
Personnel: Joseph M. Pugliese, Geophysicist 
Russell  E ,  Griff  in ,  Electronic  Research Engineer 
David P. Lindroth, Phys'icist 
Carl F.  Wingquist, Physicis t  
Walter G. Krawza, Engineering Technician 
PROGRESS REPORT 
Ob jec t ive 
The object ive of t h i s  work i s  t o  extend cur ren t  s tud ies  of the e f f e c t  
of temperature on thermophysical propert ies  of rocks a t  atmospheric 
pressure t o  cover the lunar temperature range. 
Progress During the F i r s t  Quarter 
D. P. Lindroth and W. G .  Krawza have completed checkout of the l a se r  
system recent ly  purchased by the  Bureau. 
constructed t o  hold specimens up t o  2.5 cm i n  diameter. 
mophysical property measurements have been ca r r i ed  out on three disks  
of Sioux qua r t z i t e  using microminiature gr id  t y p e  thermocouples. The 
qua r t z i t e  was chosen because of i t s  homogeneity and because the disks  
were r ead i ly  avai lable .  A t  t h i s  point the data  show s ign i f i can t  sca t -  
t e r ing .  W e  bel ieve t h i s  i s  due mainly to differences i n  the thermo- 
couples and t o  the way i n  which &he thermocouples w e r e  bonded t o  the 
rear  face of the samples. The bes t  way t o  circumvent these problems 
appears t o  require  a good infrared radiometer with a thermistor bolo- 
m e t e r  detector  covering a temperature range from -20" t o  +3,200QC. 
Disks of Al,O, a r e  cur ren t ly  being prepared a s  standards fo r  t h i s  
measurement method. The p u r i t i e s  w i l l  range from 85 percent Al,03 
t o  99 percent Al,03. Once these disks  a re  prepared and instrumented, 
we  w i l l  know the absolute accuracy of t h i s  method with respect  t o  the 
gr id  type thermocouple de tec tors .  
A f l ex ib l e  sample holder was 
I n i t i a l  ther -  
Data reduction of dilatometer data  on the s u i t e  of simulated lunar 
rocks has s t a r t ed .  There has been some delay, however, because of a 
breakdown of an X-Y p l o t t e r  e a r l y  i n  the quar te r ,  now repaired,  and 
requirements f o r  other work during the quarter .  
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R. G r i f f i n  remeasured d i s s ipa t ion  f ac to r s  f o r  the simulated lunar rocks 
i n  an e f f o r t  t o  check the spread of values determined previously. D. 
Lindroth rewrote the computer program f o r  ca lcu la t ing  the d i s s ipa t ion  
f ac to r  because of the Center's changeover t o  a new on-line computer. 
The program has been checked and works s a t i s f a c t o r i l y .  
measurements with the Q - m e t e r  d i d  not  seem t o  be consis tent  with pre- 
vious measurements so the  Q - m e t e r  was checked f o r  accuracy of f r e -  
quency se t t i ng .  The instrument w a s  found t o  be working properly so 
the  remeasured data  w i l l  be used with the computer program t o  ealcu- 
l a t e  d i s s ipa t ion  f ac to r  values. These values w i l l  be p lo t ted  against  
frequency t o  see i f  data  spread has been reduced. 
Some of the  
S ta tus  of Manuscripts 
Die lec t r ic  Constants and Dissipation Factors f o r  Fourteen Rock Types 
Between 20 and 100 Megahertz, by R. E .  Gr i f f in ,  i s  under preparation 
as  a journal  a r t i c l e ,  
Thermal Expansion Measurements of Simulated Lunar Rocks, by R. E .  
G r i f f i n  and D,  P. Lindroth, i s  under preparation as  a journal a r t i c l e .  
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STATUS REPORT FIRST QUARTER FISCAL YEAR 1969 
Bureau of Mines NASA Program of Mult idiscipl inary Research 
Task t i t l e :  Basic problems of d r i l l i n g  i n  lunar environment 
Invest igator :  Robert L. Schmidt, Project  Leader 
Locat ion: 
Date begun: January 1967 To be completed: December 1969 
Twin Cit ies  Mining Research Center 
Minneapolis, Minnesota 
Personnel: William E.  Bruce, Supervisory Mining Engineer 
Robert L .  Schmidt, Mining Engineer 
Carl  F. Anderson, Electronic  Engineer 
Robert R. Fumanti, Engineering Technician 
PROGRESS REPORT 
Ob j ec t ive 
The object ive is t o  study the basic  problems of p a r t i c l e  adhesion, 
heat removal, and b i t  lubr ica t ion  associated with d r i l l i n g  i n  a lunar 
environment . 
Progress During the F i r s t  Quarter 
A study is  being made of the  f e a s i b i l i t y  of performing a d r i l l i n g  t e s t  
i n  one of the  u l t rah igh  vacuum chambers a t  t he  Twin C i t i e s  Mining Re- 
search Center. The purpose of such an experiment i s  t o  determine i f  
p a r t i c l e  adhesion i n  a vacuum e x i s t s  t o  such an extent  t h a t  mechanical 
cu t t ings  removal systems now contemplated f o r  lunar d r i l l i n g  would be  
inef fec t ive .  I f  f ea s ib l e ,  the  d r i l l i n g  experiment w i l l  be performed 
f i r s t  i n  atmosphere and then i n  u l t rah igh  vacuum with high-speed movies 
and torque measurements taken i n  both environments. 
During the f i r s t  quarter ,  an experimental design was worked out,  vacum 
equipment manufacturers w e r e  contacted regarding components of the ex- 
perimental setup,anda layout drawing of the  d r i l l i n g  apparatus was par- 
t ia l  l y  completed. 
James Paone, the o r ig ina l  inves t iga tor  f o r  t h i s  task,  has t ransfer red  
t o  the Bureau's Washington headquarters. William E.  Bruce has assumed 
supervision of the  mechanical fragmentation research a t  t he  Center. 
i d t  has taken over the r o l e  of leading invest igator  f o r  t h i s  
None scheduled u n t i l  the  four th  quar te r .  
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STATUS REPORT FIRST QUARTER FISCAL YEAR 1969 
Bureau of Mines NASA Program of Mul t id i sc ip l inary  Research 
Task t i t l e :  
Inves t iga tor :  Frank 6. Gibson, Pro jec t  Coordinator, Explosives Physics 
Locat ion: Explosives Research Center 
Date begun: Ju ly  1966 To be completed: June 1969 
Use of explosives on the  Moon 
Pi t tsburgh,  Pennsylvania 
Personnel: Frank C. Gibson, Supervisory Research Phys ic i s t  
Richard W. Watson, Research Phys ic i s t  
J. Edmund Hay, Research Phys ic i s t  
Charles R. Summers, Research Phys ic i s t  
W i l l i a m  P ,  Donaldson, Research Phys ic i s t  
John J. Mahoney, Laboratory E l e c t r i c i a n  
E l v a  M, Guast ini ,  Explosives Equipment Operator 
PROGRESS REPORT 
Ob .j ec t ive 
The t a sk  objec t ive  i s  the  acqu i s i t i on  of basic knowledge leading t o  the 
so lu t ion  of po ten t i a l  problems involved i n  the use of chemical high ex- 
plosives i n  the lunar environment, spec i f i ca l ly :  (1) the s t a b i l i t y  of 
explosives and explosive devices i n  the lunar environment; (2) the  prob- 
l e m  of exposure of explosives and explosive devices t o  (micro)meteoroid 
impact; and ( 3 )  the  propagation c h a r a c t e r i s t i c s  of the b l a s t  wave (prod- 
uc t s  cloud) i n  the lunar atmosphere. 
Progress During the  F i r s t  Quarter 
During the previous quar te r ,  the s e n s i t i v i t y  of pressed  granular ex- 
plosive charges (Composition A-5, dens i ty  1 .72  g/cm3) t o  i n i t i a t i o n  by 
p r o j e c t i l e  impact w a s  determined f o r  steel spheres having d i a m e t e r s  from 
0.5 t o  0.0625 inches. The Slade-Dewey sca l ing  l a w  was found t o  b e s t  re- 
l a t e  the mass and ve loc i ty  of the p a r t i c l e s  f o r  a 50 percent p robab i l i t y  
of detonating the explosive.  The equation, i f  r e l i a b l e ,  could be used 
t o  ex t rapola te  da ta  t o  meteori te  v e l o c i t i e s  and provide an estimate of 
the  hazard from acc identa l  i n i t i a t i o n  of explosives by meteori te  impact. 
However, t he  0.0625-inch diameter spheres yielded v e l o c i t i e s  which ex- 
ceeded the predicted value from the  curve by 0.330 km/sec which may be 
ind ica t ive  of a c r i t i c a l  s i z e  e f f e c t  below which i n i t i a t i o n  by a s ingle  
p a r t i c l e  may be very improbable. Hence, a modification of the  ex i s t ing  
r e l a t ionsh ip  i s  sought which w i l l  f i t  data  i n  t h i s  range. 
A p r o j e c t i l e  launcher has been designed t o  pro jec t  0.032-inch and smaller 
d iameter  steel spheres but  f ab r i ca t ion  of the aluminum end p l a t e s  t o  the 
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s t a i n l e s s  steel cyl inder ,  4 inches inside diameter, 4 inches high, and 
1/4-inch wal l  having a welded base p l a t e  on the  bottom and an open top. 
The top is provided with a 6-inch square s t a i n l e s s  steel p l a t e  with 110" 
r ing  grooves t o  accommodate e i t h e r  a 12.0 or  22.0 l i ter  spherical  g l a s s  
f l a sk .  The top i s  bolted to the base p l a t e  and sealed t o  the s t a i n l e s s  
s t e e l  chamber with a 4-1/16-inch rrO1l r ing .  The periphery of the s t a in -  
l e s s  steel cylinder i s  provided with both high and low voltage vacuum 
feed-throughs containing s i l v e r  soldered Kovar sea l s .  A quick-connect 
vacuum coupling, containing a Bayard-Alpert vacuum gage, i s  a l s o  welded 
t o  the  vesse l .  
charge t o  be detonated by means of a 10 kv exploding w i r e  i n i t i a t o r .  
The low voltage feed-throughs allow the pressure transducers,  which a r e  
spaced a t  known dis tances  from the charge periphery within the vacuum 
chamber, t o  be connected t o  t h e i r  respect ive amplif iers  and osc i l l o -  
scopes fo r  purposes of recording the v e l o c i t i e s  of the  expanding prod- 
u c t s  cloud. Supplementing t h i s  instrumentation and ex terna l  t o  the 
vacuum chamber, a I5 kv exploding-wire back-lighting system i s  employed 
f o r  photographing the expanding products cloud with e i t h e r  a 1 psec Kerr- 
c e l l  shut te r  camera or  a high-speed framing camera. 
The high vol tage feed-throughs p e r m i t  the  explosive 
Preliminary t o  the  dynamic experiments, a l - inch diameter by l-inch long 
p e l l e t  of Composition A-5 (RDX I- 1 percent wax) was subjected t o  vacuums 
of 5 x t o  5 x t o r r  over periods of a s  long a s  72 hours. The 
r e s u l t s  indicated t h a t  the vapor pressure of Composition A-5 was prob- 
ab ly  less than 1T8 t o r r  a t  ambient temperature. 
s i t y  of 1.6 g/cm3 and was pressed from powder of which 100 percent passed 
through a #12 s ieve  and was retained on a #200 sieve,  corresponding t o  a 
p a r t i c l e  s i z e  d i s t r i b u t i o n  between 1680 and 74 microns. From such a par- 
t ic le  s i z e  d i s t r i b u t i o n  it would be d i f f i c u l t  t o  ca lcu la te  the  quant i ty  
of t rapped  a i r  molecules which may have been removed from the i n t e r s t i c e s  
The charge had a den- 
r a d i a t i o n  from the  back-lighting and i n i t i a t i n g  exploding w i r e s  and the  
Kerr cell .  
tween product expansion v e l o c i t i e s  measured from Kerr-cell  camera photo- 
graphs and those obtained from the  transducer records. 
However, t he  most r ecen t  shots yielded f a i r  agreement be- 
S ta tus  of Manuscripts 
None i n  progress. 
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Bureau of Mines NASA Program of Mult idiscipl inary Research 
Task t i t l e :  Ef fec t  of lunar envirpment  on behavior of f i n e  p a r t i c l e s  
Invest igator :  David E .  Nicholson, Project  Leader 
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David F. S ta f ford ,  Physicis t  
Robert W. Carnes , Engineering Technician 
Richard P. Curtin,  Engineering Technician 
PROGRESS REPORT 
Objective 
The primary object ive is  t o  determine basic  physical  propert ies  which 
may influence the handling and t ranspor ta t ion  of f i n e  p a r t i c l e s  i n  a 
lunar environment, as  an extension of current  s tud ies  of f i n e  p a r t i c l e  
behavior i n  mine b a c k f i l l  appl icat ions.  Intergranular  s t a t i c  and dy- 
namic coe f f i c i en t  of f r i c t i o n  and energy loss  w i l l  be measured. Flow 
r a t e s  and shear s t rength a t  various s t a t e s  of p a r t i c l e  packing and a t  
various p a r t i c l e  s i zes  w i l l  be determined and correlated with f r i c t i o n  
and energy lo s s  propert ies .  This work w i l l  i n i t i a l l y  be performed un- 
de r  conditions of normal ea r th  atmosphere, but w i l l  be extended t o  in- 
clude selected tests i n  u l t r ah igh  vacuum. The work w i l l  be cor re la ted  
w i t h  the study of e l e c t r o s t a t i c  propert ies  of granular p a r t i c l e s  being 
conducted a t  College Park and the study of f r i c t i o n a l  propert ies  of 
mineral surfaces  being conducted a t  Minneapolis. 
Progress During t h e  F i r s t  Quarter 
Improvements in  the mil l ing c i r c u i t  for  the production of simulated 
lunar rock powders were car r ied  out during the f i r s t  quar te r .  A l l  the 
crushing, grinding, screening, and c lass i fy ing  u n i t s  were raised and 
are  accessible  fo r  r epa i r  work. 
t ron ic  tachometer i n s t a l l a t i o n  w i l l  complete t h i s  conversion job. 
New e l e c t r i c a l  conduits and an elec-  
Physical propert ies  t e s t s  on the  14 simulated lunar rock powder sam- 
prepared fo r  the Jet Propulsion Laboratory, Pasadena, Cal i fornia  
ng the  previous quarter  w e r e  f inished during the present quarter .  
Work on the measurement of handling propert ies  in  moderate vacuum in- 
cluded construct ion of a 10-5 t o r r  g l a s s  flow container with cold t rap .  
1 7  
Preliminary flow c h a r a c t e r i s t i c s  and packing and s e t t l i n g  proper t ies  
were obtained on a simulated lunar basa l t .  These t e s t s  have not  pro- 
gressed s u f f i c i e n t l y  t o  repor t  any r e s u l t s  a t  t h i s  time but  w i l l  be 
de ta i led  i n  the progress repor t  t o  be assembled i n  the second quarter .  
S ta tus  of Manuscripts 
None i n  progress.  
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Bureau of Mines NASA Program of Mult idiscipl inary Research 
Task t i t l e :  Support fo r  underground lunar she l t e r  
Invest igator :  Lester J. Crow, Pro jec t  Leader 
Locat ion: 
Date begun: A p r i l  1966 To be completed: June 1969 
Spokane Mining Research Laboratory 
Spokane, Washington 
Personnel: Robert C.  Bates, Mining Engineer 
Lester J. Crow, Mining Engineer 
Edward W .  Parsons, Mining Engineer 
Colen S. Smith, Mining Engineer 
PROGRESS REPORT 
Object ive 
The object ive i s  t o  advance ground support technology i n  areas  having 
both t e r r e s t r i a l  and e x t r a t e r r e s t r i a l  appl icat ion.  Research w i l l  be 
conducted on ground support mater ia l s  which have poten t ia l  for  u t i l i -  
zat ion both on the Earth and the Moon. 
Progress During the  F i r s t  Quarter 
The inves t iga t ion  of su l fur -basa l t  aggregates using combinations of 
coarse and f i n e  gra in  s i zes  has been completed. Manufactured samples 
of b a s a l t  aggregate gradations,  with selected average gra in  s i zes  and 
coe f f i c i en t s  of uniformity, d i d  not produce compressive s t rengths  ex- 
ceeding those already obtained from na tura l  grades of crushed basa l t .  
A s e r i e s  of experiments were made on medium sized p a r t i c l e s  ( 1 / 2  inch 
t o  +4 mesh) combined with f ine  p a r t i c l e s  ( - 4  mesh) to obtain the bes t  
gradation fo r  a grout.  The average compressive s t rength  of a good 
gradation of medium and f ine  p a r t i c l e s  was 9,400 p s i .  
Another s e r i e s  of experiments w e r e  made on su l fu r  with addi t ives  to 
obtain expansion. The addi t ives  t r i e d  were i n  two groups, hydrocar- 
bons and oxidizing agents. The oxidizing agents d i d  not  mix with the 
molten su l fur  (heated t o  16OOC) and d i d  not impart expansion charac- 
terist ics to the  so l id i f i ed  mass. Of the hydrocarbon group, R.C. 70 
asphal t  (30 percent Naptha) and sugar produced good r e s u l t s .  When 
the su l fu r  with the addi t ive  is  heated to over 16OOC hydrogen su l f ide  
gas s t a r t s  to form. This process continues a f t e r  the mater ia l  i s  
poured in to  a mold. The ne t  r e s u l t  i s  t h a t  the su l fur  contains even- 
l y  d i s t r ibu ted  small gas pockets. On i n i t i a l  cooling open pockets 
a re  formed on the top of the specimen. Then as  the cooled mater ia l  
r eac t s  and expands over a period of hours these voids a re  f i l l e d  and 
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excess mater ia l  i s  expelled and flows over the cooled surface.  A t  
the  present t i m e  a l l  of the pa r t i cu la r s  of t h i s  reac t ion  a re  not 
known. Currently experiments a re  being conducted on a combination 
of aggregates and su l fu r  with additi*ves. 
Some experiments have been conducted with sodium s i l i c a t e  plus addi- 
t ives  as  a bonding agent,  and by i t s e l f  a s  a sealant  on the surface 
of su l fur  concrete cyl inders ,  but it i s  too e a r l y  i n  the experimental 
sequence t o  in t e rp re t  r e s u l t s .  
Preliminary ana lys i s  of other  mater ia ls  f o r  use i n  ground support was 
car r ied  out .  Work on formulation of design concepts and devising 
techniques and equipment f o r  fabr ica t ion  or  i n s t a l l a t i o n  of support 
systems using su l fu r  and other  mater ia l s  was continued. 
M r ,  Crow has assumed dut ies  a s  the leading invest igator  fo r  t h i s  
task ,  
S ta tus  of Manuscripts 
Strengths of Sulfur-Basalt  Concrete, by Lester J. C r o w  and Robert C .  
Bates, is  being prepared as  a Bureau Report of Invest igat ions.  
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Bureau of Mines NASA Program of Mult idiscipl inary Research 
Task t i t l e :  Electrowinning of oxygen from s i l i c a t e  rocks 
Invest igator :  Donald 6. Kesterke, Acting Project  Coordinator 
Locat ion: Reno Metallurgy Research Center 
Reno, Nevada 
Date begun: June 1966 To be completed: May 1969 
Per sonne 1 : Donald G.  Kesterke, Metal lurgis t  
Freddy B. Holloway, Physical Science Technician 
Gar1 H. Elges, Physical Science Aid 
PROGRESS REPORT 
Ob-j ec % ive 
The object ive i s  t o  determine the f e a s i b i l i t y  of electrowinning e l e -  
mental oxygen from s i l i c a t e  rocks, as  one phase of mult idiscipl inary 
e f f o r t s  to develop basic  knowledge f o r  using lunar mineral resources 
i n  support of space missions. 
Progress During the  F i r s t  Quarter 
The object ives  t h i s  quarter  were to  build and t e s t  a c e l l  and insula- 
t i o n  system constructed of r e f r ac to ry  mater ia ls  which a re  i n e r t  t o  
elemental oxygen a t  elevated temperatures and t o  i n i t i a t e  experiments 
t o  electrowin oxygen from s i l i c a t e s  dissolved i n  a mixture of barium 
and l i thium f luor ides .  
Construction was completed on a new c e l l  and insu la t ion  system. The 
design incorporates a hot-pressed boron n i t r i d e  c ruc ib le ,  with heat 
furnished by s i l i c o n  carbide r e s i s t o r s .  Insu la t ion  surrounding the 
c e l l  cons i s t s  of alumina, boron n i t r i d e  powder, and conventional f i r e -  
br ick.  Tests  of the system showed it t o  be capable of temperatures 
in  excess of 1,4OO0C. 
Experiments were i n i t i a t e d  t o  prepare elemental oxygen by e l ec t ro ly -  
sis  of a f l u o r i d e - s i l i c a t e  mixture having a composition i n  weight- 
percent of 69.4 BaFa, 5.6 L i F ,  and 25.0 b a s a l t  plus s i n t e r .  Elec- 
t r o l y s i s  was conducted a t  about 1,15OoC, with 15 t o  28 amperes of 
ect cur ren t  applied t o  i r i d i  e lectrodes.  No oxygen was detected 
1, and severe co r r  ion of the  cathode occurred. I n  a 
periment, a Sic ca de  was used, and the ir idium anode 
ce area was doubled. E lec t ro lys i s  was again conducted a t  1,150°G, 
25 t o  47 amperes applied t o  the c e l l  a t  an emf of 1 2  t o  18 v o l t s .  
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Analysis of the gases within the  c e l l  cover showed about 5 percent 
oxygen, while the atmosphere surrounding the  c e l l  insu la t ion  con- 
ta ined almost 3 percent oxygen. 
Research t o  evaluate  TiB, a s  an anode material showed it t o  be un- 
sa t i s f ac to ry .  
sho r t  e l e c t r o l y s i s ,  and the oxygen content over the ce l l  w a s  only 
about 1 percent.  
Complete corrosion of the  e lec t rode  occurred a f t e r  a 
S ta tus  of Manuscripts 
None i n  progress.  
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Task t i t l e :  Reduction of s i l i c a t e s  with carbon 
Invest igator :  Larry A. Haas, Pro jec t  Leader 
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PROGRESS REPORT 
Objective 
The object ive i s  t o  determine t h e  optimum reac t ion  r a t e  c r i t e r i a  for  
ex t rac t ing  oxygen from possible lunar mater ia ls  i n  a simulated lunar 
environment. The major emphasis of t h i s  research i s  to  determine the 
k ine t i c s  and mechanism of the carbothermal reduction of s i l i ceous  ma- 
t e r i a l s  i n  a high temperature vacuum furnace. 
Progress During the F i r s t  Quarter 
The object ives  f o r  t h i s  quarter were t o  complete t h e  carbothermic 
s tudies  on a l k a l i  and a lka l ine-ear th  aluminum s i l i c a t e  minerals and 
t o  determine the e f f e c t  of temperature and carbon monoxide pressure 
on the instantaneous carbothermic reduction r a t e  of s i l i c a .  
Previous s tud ies  conducted i n  t h e  l a s t  quarter  of f i s c a l  year 1968 
revealed t h a t  the carbothermal r educ ib i l i t y  of complex aluminum s i l -  
i ca t e s  increases with increasing s i l i c a  content.  When the mineral 
contains appreciable amounts of a l k a l i  and alkal ine-ear th  oxides, 
the melting point  of the  s i l i c a t e  i s  lowered and the amount of reac- 
t i on  becomes l e s s  dependent on the SiO, concentration, i n  addi t ion 
t o  being considerably diminished. 
An attempt was made t h i s  quarter  t o  inves t iga te  addi t ional  s i l i c a t e  
minerals and t r y  to  co r re l a t e  the amount of reac t ion  with the  compo- 
nent oxide concentration. 
minerals w e r e  se lected for  these s tud ies .  
A s e r i e s  of fe ldspars  and feldspathoid 
rmed on sodium-calcium-aluminum s i l i c a t e s  and t h e  re- 
r d  block i n  tab le  1. The f i r s t  two blocks 
u l t s  obtained i n  previous s tud ies  and are  
e s  of comparison. I n  t h i s  group of s i l i -  
of CO was formed w i t h  the  semisolid c a l c i -  
and z e o l i t e  (5A) .  This i s  consis tent  with 
o l i d  s i l i c a t e s  reduce more e a s i l y  than l i q -  
cont ras t ,  very l i t t l e  reduction occurred with pure 
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TABLE 1. - Carbothermic reduct ion da ta  of s i l i ca te  
minerals i n  5 hours a t  1,4OO0C 
Mineral 
Si-0 GYSTEM 
Do........ ..... 
Si-A1-0 SYSTEM 
........ 
Si-Al-Na-Ca-0 SYSTEM 
Lime . . . . . . .  ...... 
Gehlenite... .  .... 
Zeol i te  ( 5 A ) I . .  * .  
Zeol i te  (4A)l a o . .  
Wollastonite,  a 
Bytownite. ., e 
Labradorite. .  o o  e .  
Oligoclase ....... 
Alb i t e  ........... 
1.4 
34.8 
43.4 
44.1 
50.7 
51.6 
57.1 
63.2 
65.7 
0.4 
14.0 
39,l 
41,4 
3.6 
18.1 
27.0 
21.8 
15.6 
<o, 1 
0.1 
4.1 
14.7 
<o. 1 
<o. 1 
3.8 
7.0 
10.0 
<o. 1 
<o. 1 
0.4 
0.3 
<0.1 
0 - 3  
0.7 
0.8 
0.3 
99.6 
33.5 
10.1 
0.9 
45.2 
6.9 
0.3 
4.5 
1.8 
Si-Al-Na-K-Ca-0 SYSTEM 
S i -Al-Na-Ca-ME 
0.1 
0.2 
4.2 
0.1 
0.1 
0.2 15 
Solid 
Semisol id  
Do e 
Liquid 
Semisolid 
Liquid 
Do. 
Do. 
Do e 
.O SYSTEM 
sil icate.  - .  
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l i m e  even though i t  r e t a i n s  i t s  so l id  s t a t e  of aggregation a t  the re- 
ac t ion  temperature. 
extreme s t a b i l i t y  of the calcium-oxygen bond, a s  typ i f ied  by the large 
negative enthalpy and f r e e  energy of formation, accounts f o r  the s t a -  
b i l i t y  of lime toward carbothermal reduction a s  w e l l  a s  t o  the r e t a in -  
ing of so l id  o r  semisolid s t a t e  of aggregation f o r  minerals r i c h  i n  
t h a t  component. The inverse co r re l a t ion  between oxide r e d u c i b i l i t y  
and melting point  was reported by Elyutin.' To help in  assessing the 
e f f e c t  of oxide cons t i tuents  on the gross proper t ies  of complex s i l i -  
ca t e s ,  thermodynamic data  a s  w e l l  a s  melting points  of some per t inent  
opides a r e  compiled i n  tab le  2. 
The unusually high melting point  of CaO and the 
TABLE 2 .  Thermodynamic data  and melting 
po in t s  of oxides 
............... 
N % O  .............. 
Fe,03. ............ 
Fe,04'. ........... 
FeO ............... 
............... 
ls tandard enthalpy and f r e e  energy changes 
i n  kca l  per  gram-mole of oxygen a t  
1,4OO0C taken from reference 2.  
2Values taken from reference 3 .  
30xides decompose a t  these temperatures. 
The sodium feldspars:  z e o l i t e  4A, labrador i te ,  o l igoc lase ,  and a l b i t e  
contain very l i t t l e  lime and m e l t  e a s i l y .  Their ex ten t  of reduction 
appears t o  exh ib i t  a systematic dependence on t h e i r  NazO content.  The 
bond energy and melting point  of N%O, being cons i s t en t ly  lower than 
those of s i l i c a  and l i m e ,  tends t o  make t h i s  component the determining 
f ac to r  f o r  t o t a l  r educ ib i l i t y .  Millimoles of CO formed i n  5 hours from 
z e o l i t e  4A, a l b i t e ,  o l igoc lase  and labrador i te  a r e  19, 15, 5 ,  and 8 ,  
respect ively;  t h e i r  N%O content a r e  seratim: 14.7, 10.0,  7.0, and 3.8 
percent.  Although o l igoc lase  should reduce more r ead i ly  than labrador- 
i t e ,  i t s  higher l i m e  content of 4 . 5  versus 0 .3  percent f o r  labrador i te  
w i l l  reverse  the t rend.  
'Elyutin,  V .  P . ,  P. F. Markulova, and Yu. A. Pavlov. (Temperature of 
the Beginning of Metal Oxide Reduction by Sol id  Carbon.) 
i Obrabotka S t a l i  Splavov, Metal lurgizat ,  Moscow, v. 38, 1958, pp. 79-87 
son Publishing Co., Inc . ,  London, v. 1, 1960, 296 pp. 
Co., 47th ed i t i on ,  1966-67, pp. B150-255. 
Proizvodstve 
2 E l l i o t t ,  3 .  F. and M. Gle iser .  Thermochemistry fo r  Steelmaking. Addi- 
3Handbook of Chemistry and Physics. Ed.  by R. C .  Weast. Chemical Rubber 
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Some potash fe ldspars  were a l s o  inves t iga ted  and the r a s u l t s  are giv- 
en i n  the fou r th  block of t ab le  1. Only mica retained i t s  s o l i d  s ta te  
a t  1,400"C and hence reduced more readi ly  than or thoclase,  fe ldspar  
(1775) and obsidian which melted. Although potassium oxide has the 
lowest melting poin t ,  ye t  i t s  enthalpy of formation i s  more negat ive 
than that of s i l i ca ,  and hence no conclusive pa t t e rn  can be found f o r  
the dependence of s i l i ca t e  r educ ib i l i t y  on i t s  potassium oxide content. 
Resul ts  w i t h  magnesium calcium s i l i c a t e s  a re  given i n  the  f i f t h  block 
of t ab le  1. Here only talcum and magnesium t r i s i l i c a t e  remained s o l i d  
a t  1,400"C and hence their  r educ ib i l i t y  rose w e l l  above the o thers  that  
melted. Although magnesia remained so l id ,  ye t  i t s  r educ ib i l i t y  was very 
poor due t o  i t s  except ional ly  high melting point  and low f r e e  energy and 
enthalpy of format ion.  
The foregoing comparisons were obtained on s imi l a r ly  cons t i tu ted  s i l i -  
ca tes ,  i , e , ,  i n  the same block i n  t ab le  1. Cross examination among the 
var ious blocks revealed add i t iona l  information. Comparison of the sec- 
ond and th i rd  blocks shows that  although alumina reduced f a s t e r  than 
lime, ye t  aluminum s i l i c a t e  (meta kaol in)  reduced slower than c a l c i u m  
s i l i c a t e  (wol las toni te ) .  T h i s  i s  undoubtedly re la ted  t o  the melting 
point  of calcium s i l i c a t e  of about 1,5OO"C, being lower than t h a t  of 
aluminum s i l i ca t e  of about 1,800"C. Thus, i n  addi t ion  t o  the melting 
point  of the cons t i tuent  oxides, the melting point of the mineral s i l i -  
cate appears t o  exe r t  i t s  e f f e c t  on carbothermal r educ ib i l i t y .  
When the s i l i c a t e  r educ ib i l i t y  was p lo t ted  aga ins t  the percent  of s i l i -  
ca i n  the mineral, the curves of f igu re  1 were obtained. Curve (a)  
groups together those s i l i c a t e s  which r e t a i n  the i r  s o l i d  o r  semisolid 
s ta te  of aggregation a t  1,4OO"C, while curve (b) relates t o  minerals 
which melt a t  t h i s  temperature. Although r e d u c i b i l i t y  general ly  in- 
creases w i t h  increasing s i l i c a  content,  ye t  the r e l a t i o n  i s  confused 
by the s ide  e f f e c t s  of lime and magnesia cons t i tuents .  S t r a igh t - l i ne  
re la t ionships  were obtained during the las t  quar te r  only w i t h  aluminum 
s i l i ca t e s ,  devoid of l i m e  and magnesia. It appears t ha t  the a d d i t i v i t y  
ru l e  f o r  the r e d u c i b i l i t y  of complex s i l i c a t e s  cannot be deduced from 
simple two-dimensional diagrams, but  requires  multi-dimensional sur-  
faces ,  w i t h  each a x i s  descr ibing the concentration of a n  individual  ox- 
ide ,  b 
t i ons  
During 
s i l i c a  
vacuum 
on the 
ke igh t 
r r i n g  some complications that could ar ise  from unforeseen devia- 
n the melting poin ts  of the minerals. 
t h i s  quar te r ,  instantaneous k i n e t i c  curves f o r  the reac t ion  of 
w i t h  g raphi te  were recorded by the newly acquired fast-heat ing 
furnace and a quartz  spr ing  balance.. The e f f ec t  of temperature 
reac t ion  ra te  w a s  f i r s t  invest igated.  The p lo t  of percent 
loss ,  W, versus t i m e  a t  four  temperatures from 1,375" t o  1,450"C 
and under a furnace pressure of about t o r r ,  gave the k i n e t i c  curves 
of f i gu re  2 .  It appears that  the reac t ion  starts w i t h  an induction pe- 
r iod  which ge t s  progressively longer the lower the reduction temperature 
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and which amounts t o  about 2 hours a t  1,450OC. This i s  followed by an 
acce lera tory  period. 
parabolic rate-law d id  not apply since W2 w a s  no t  proportional t o  the  
r eac t ion  t i m e ;  and, hence, the r eac t ion  cannot be d i f fus ion  cont ro l led  
( so l id  state d i f fus ion ) .  
t i m e  a t  t he  post-induction period gave reasonably good s t r a i g h t  l i n e s  
a s  shown i n  f igu re  3. After t he  slow induction period, t h e  reduction 
curve seems t o  follow the equation 
Analysis of the  curves i n  f igu re  2 showed t h a t  the  
It w a s  found t h a t  t he  p l o t  of W1/3 aga ins t  
W1I3 = a + b t ,  (1) 
where a and b a r e  constants.  The rate of carbothermal reduction would 
then be given by 
The most general equation describing s o l i d - s t a t e  reac t ions  i s  given by 
- -  dW - k Wa (1-W)P , 
d t  (3) 
with cy and p constants,  ca l led  the homogeneity f a c t o r s  and W now stands 
fo r  the f r a c t i o n  of the i n i t i a l  compounds reac ted .  It appears t h a t  f o r  
the carbothermal reduction of s i l i c a  @ = 0 and cy = 213. 
Pavlyuchenko4 reported values of @ obtained by d i f f e r e n t  authors t o  be 
0, 113, 1 1 2 ,  213, 1, and 2, while cy had values of 0 ,  213, and 1. A l -  
though t h i s  does not throw much l i g h t  on the  r eac t ion  mechanism, y e t  it 
served t o  l i n e a r i z e  the post-induction reduction curve. The slopes of 
the l i n e s  i n  f igu re  3 give a d i r e c t  measure of the isothermal r eac t ion  
r a t e  constant.  An Arrhenius p l o t  of the  slopes is  shown i n  f igu re  4 
and indica tes  an a c t i v a t i o n  energy of 123 kca l .  This agrees well  with 
the  value of 122  kca l  reported by Klinger.' 
Prodan and 
To study the e f f e c t  of CO pressure on the r eac t ion  r a t e ,  small amounts 
of t h i s  gas were leaked i n  the  furnace chamber a t  t he  r a t e  required t o  
maintain a f i n i t e  steady pressure i n  the  chamber. Tests were conducted 
a t  1,400°C and with carbon monoxide pressures of 0.25, 0.02, lom3 and 
t o r r .  The reduction-time curves a re  shown i n  f igu re  5. The blank 
t e s t  given by curve (a) represents  the sum of two separate runs f o r  s i l -  
i ca  alone and graphi te  alone with no added carbon monoxide i n  the cham- 
ber. The amount of r eac t ion  with the blank w a s  about the  s a m e  a s  t h a t  
obtained with a s i l i c a - g r a p h i t e  mixture a t  a CO pressure of 0.25 t o r r  
curve (b) ,  even though the equilibrium pressure f o r  t h i s  reac t ion  i s  
76 t o r r .  Therefore, the furnace pressure must be about t h ree  orders 
of magnitude l e s s  than the  equilibrium pressure f o r  a measurable reac- 
t i o n  t o  occur. The r a t e  of r eac t ion  a t  5 hours was about 20 t i m e s  
f a s t e r  a t  lom6 t o r r  than a t  0.25 t o r r ,  ind ica t ing  a s i g n i f i c a n t  e f f e c t  
of pressure on the  r eac t ion  r a t e .  
4Prodan, E. A. and M. M. Pavlyuchenko. (Heterogeneous Chemical Reac- 
5Klinger, N. ,  E .  L. S t rauss  and K. L. Komarek. Reactions Between S i l -  
t i ons . )  Nauka i takhnika, Minck, USSR, 1965, p. 20. 
ica and Graphite. J. Am. Chem. C e r a m .  SOC., v.  49, No. 7,  1966, 
pp. 369-375. 
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The gaseous reaction products were analyzed with an Ultek quadrapole 
residual gas analyzer. The gases liberated from the individual reac- 
tants were first examined. Small amounts of CO, atomic mass units 
(amu) = 28, were obtained with graphite, apparently due to its reac- 
tion with residual air in the furnace. With the silica blank, small 
amounts of Si, amu = 28, and SiO, amu = 44,  were observed. When the 
silica-graphite mixture was used, one large peak appeared at the po- 
sition corresponding to an atomic mass unit of 28 which corresponds 
to singly ionized carbon monoxide and/or monoatomic silicon vapor. 
No recognizable peak from the ambient noise was observed at position 
44,  indicating the absence of carbon dioxide and silicon monoxide in 
the reaction products. Hence, the principle gaseous products of this 
reaction are carbon monoxide and silicon. 
Mr. Haas has taken over from Dr. Khalafalla the role of leading in- 
vestigator 
Status of Manuscripts 
The Effect of Physical Parameters on the Reaction of Graphite with 
Silica in Vacuum, by  L. A .  Haas and S. E. Khalafalla, is near to pub- 
lication as a Bureau Report of Investigations. 
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STATUS REPORT FIRST QUARTER FISCAL YEAR 1969 
Bureau of Mines NASA Prog 
Task Title: Stability of 
Inve 
Loca 
Date begun: April 1966 To be completed: May 1969 
Personnel: Hal J. Kelly, Supervisory Ceramic Research Engineer 
Ray L. Carpenter, Research Physicist 
environment 
PROGRESS REPORT 
Objective 
The objective of this project is to investigate by differential ther- 
mal analysis (DTA) and thermogravimetric analysis (TGA) the stability 
of some silicate and oxide minerals in air and under high vacuum at 
elevated temperatures. The determination of the energies required 
to dissociate oxide and silicate minerals and recover oxygen and water 
is the long range objective. 
Progress During the First Quarter 
The objectives for the quarter were to install and calibrate the plat- 
inum calorimeter, to improve the operation of the DTA equipment, and 
to determine the heat of reaction of prefired kaolinite and the heat 
of decomposition of epidote in air. 
A reduction in noise on the DTA curve was made by installation o i  a 
single water pipe ground with all components hooked to it and by chang- 
ing the furnace input circuit to eliminate a ground loop circuit. Fur- 
ther reduction in noise level was obtained by adjustment of the pro- 
portioned band width. This also improved the heating rate at low tem- 
peratures, The base line drift was checked in air and vacuum and 
found to be 25 microvolts or less in air and 50 microvolts or less in 
vacuum. 
Comparison of response of 1/2- and 3/4-inch tall platinum crucibles 
cr 0 e 
la al- 
A f l o  - 
The heat  of reac t ion  of pref i red  k a o l i n i t e  was found t o  be 31.3 
c a l o r i e s  per  gram, and the heat of decomposition of epidote  i n  a i r  
was found t o  be 72 .7  c a l o r i e s  per gram. 
S ta tus  of Manuscripts 
None scheduled u n t i l  the  t h i r d  quar te r .  
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Bureau of Mines NASA Program of Multidisciplinary Research 
Task Title: Magnetic and electrostatic properties of minerals in 
a vacuum 
Investigator: Foster Fraas, Project Leader 
Location: College Park Metallurgy Research Center 
College Park, Maryland 
Date begun: June 1966 To be completed: May 1969 
Personnel: Ronald A. Munson, Research Chemist 
Foster Fraas, Metallurgist 
Anderson Walls, Laboratory Technician 
PROGRESS REPORT 
Objective 
The objective is to study adsorption and contact electrification in a 
vacuum and determine their effect on the separability of nonconducting 
minerals. 
Progress During the First Quarter 
The objectives for this quarter were to measure flow characteristics 
under ultrahigh vacuum with particles of quartz at a size smaller than 
previously used and to initiate preparation of a manuscript. 
The program was delayed by two factors, the burn-out of the vibration 
drive unit coil which had to be returned to the manufacturer for re- 
pair, and the interruption of the overnight operation of the pump by 
power failures resulting from summer storms. The turbomolecular pump- 
ing system includes automatic cut-out relays and vacuum chamber back- 
fill valves for protection against a sustained power failure during 
Which there is danger of the forepump oil rising into the pxbomolec- 
ular pump. 
The previously reported results on minerals in a size range of minus 
35 plus 65 mesh were repeated with quartz in the size range of minus 
65 plus 150 mesh. No significant adhesion to transport surfaces was 
noted at the ultrahigh vacuum of 7.5 x IO-* torr. Some single parti- 
cle layer adhesion which did occur near the bottom of the feed hopper 
corresponded to the behavior usually obtained in the low humidity at- 
mospheres. 
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Quartz is the most negative of the simulated lunaf. mineral group which 
includes microcline, olivine, and hornblende. It is mqst likely to 
adhere since it also has the largest magnitude of charge. A vibrating 
feeder with a contacting surface more negative in contact potential 
value than the aluminum surface used in these tests would decrease the 
magnitude of the quartz charge and may change microcline to a positive 
electrification polarity. 
Contact electrification under vacuum, summarized in table 1, paral- 
leled the results with coarser particle sizes. The average particle 
charge is also of the same arder of magnitude when based on the same 
density of surface charge., Contact electrification is reversible af- 
ter return to one atmosphere and is much less than for the coarser 
size particles. This is attributed to the difference in atmospheric 
humidity. It is probable that the low humidity of 29 percent in the 
coarser size tests delayed adsorption of atmospheric moisture and pro- 
vided a contact electrification similar to that for a vacuum. 
Status of Manuscripts 
Mineral Separation in a Vacuum, by F. Fraas, is under preparation as 
a journal article. 
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